We examine the dynamic relationships between per capita carbon dioxide (CO 2 ) emissions, real gross domestic product (GDP), non-hydroelectric renewable energy (NHRE) consumption, agricultural value added (AVA), and agricultural land (AGRL) use for the case of Argentina over the period 1980-2013 by employing the autoregressive distributed lag (ARDL) bounds approach to cointegration and Granger causality tests. The Wald test confirms the existence of a long-run cointegration between variables. There are long-run bidirectional causalities between all considered variables. The short-run Granger causality suggests bidirectional causality between AVA and agricultural land use; unidirectional causalities running from AGRL to NHRE and from NHRE to AVA. Long-run elasticity estimates suggest that increasing AVA increases GDP and reduces both pollution and NHRE; increasing NHRE reduces AVA and AGRL. Thus it seems that agriculture and renewable energy are substitute activities and compete for land use. We recommend that Argentina should continue to encourage agricultural production.
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Our paper has the following structure. Section 2 is a literature review. Section 3 is for data and descriptive statistics. Section 4 is designed for the empirical methodology, econometric results and their discussion. Section 5 concludes with policy implications.
Literature review
To the best of our knowledge, Omri et al. (2015) is the unique research that brought causal relationships results about renewable energy in Argentina. These authors consider a panel of 17 developed and developing countries and show that there is a unidirectional causality running from economic growth to renewable energy consumption for the case of Argentina and for the whole panel. However, there are few studies interested by renewable energy in Argentina. Diogo et al. (2014) present a land-use modeling framework to evaluate the economic potential of biofuel production avoiding indirect land-use changes (iLUC) resulting from land competition. Their framework is applied for the case of Argentina to evaluate the development of biofuel potential from soy and switch grass until 2030. They find that if current trends continues, no surplus land is expected to become available for agricultural and livestock productions. Di Sbroiavacca et al. (2016) use simulation models to evaluate the impact of specific climate change control policies on energy consumption and CO 2 emissions savings in Argentina in the period 2010-2050. The results of the LEAP (Long-Range Energy Alternatives Planning System Model) model indicate that if Argentina implements some recommended mitigation measures this will leads to a 16% decrease in GHG emissions compared to a business-as-usual scenario. With the LEAP model, a low CO 2 price scenario leads to the replacement of coal by wind energy and nuclear in electricity expansion, while a high CO 2 price leads to more investments in hydropower.
There is a rich literature, not concerned by the Argentina case, dealing with the causal relationships between renewable energy and other economic variables as the emission of pollution, GDP, and international trade (Al Mulali et al., 2016a; Apergis and Payne, 2010a , 2010b Ben Jebli, 2016; Ben Jebli and Ben Youssef, 2015; Dogan, 2016; Menyah and Wolde-Rufael, 2010; Fu, 2013a, 2013b; Sadorsky, 2009; Tugcu et al., 2012) . Most of these studies agree on the existence of a causal relationship between renewable energy consumption and economic growth and on the positive impact of renewable energy on both economic growth and the environment.
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Several econometric papers, not concerned by Argentina, have studied the relationship between energy consumption and agriculture (Dogan et al., 2016; Karkacier et al., 2006; Mushtaq et al., 2007; Qureshi et al., 2016; Rafiq et al., 2016; Sebri and Abid, 2012; Shahbaz et al., 2016; Tang and Shahbaz, 2013; Turkeful and Unakitan, 2011) . We conclude from these researches on the existence of a causal relationship between energy consumption and agricultural value added and that energy is needed for agricultural production. Recently, some studies have investigated the relationship between renewable energy consumption and agriculture (Ben Jebli and Ben Youssef, 2016 , 2017a , 2017b . They conclude to the existence of a causal relationship between renewable energy consumption and agricultural production and that renewable energy consumption helps to combat global warming.
The first econometric study on the relationship between renewable energy production and land use is that of Al Mulali et al. (2016b) . They evaluate the impact of renewable energy production on water and land footprint by considering a panel of 58 developed and developing countries. Their study come to the conclusion that economic growth, urbanization, and trade openness increase the water and land footprint and thus have a harmful impact on water and land use. They also show that renewable energy production increases water and land inefficiency, and that renewable energy production will continue to increase water and land footprint in the future. These countries are advised to replace current renewable energy technologies with new ones that ameliorate water and land use efficiency. The second study is that of Ben Jebli and Ben Youssef (2017c) which investigate the relationships between renewable energy consumption, emissions, GDP, agricultural value added, and arable land use (LUSE) in Morocco. They use two models: the first with the AVA variable, while the second is with the LUSE variable. Their long-run estimates show that an increase in agricultural production or in land use increases renewable energy consumption. Their Granger causality tests conclude to the existence of a short-run unidirectional causality running from LUSE and from AVA to renewable energy consumption. In addition, there is a long-run unidirectional causality running from land to RE, and a long-run bidirectional causality between agriculture and renewable energy. These authors advise Moroccan authorities to continue encouraging renewable energy use because it is not in competition with agricultural production for the use of land. The present research differs from this last cited paper by the fact that agricultural value added and agricultural land variables are used in the same model. 
Data and descriptive statistics
The annual data selected for the empirical analysis are from 1980 to 2013 and include CO 2 emissions per capita (e) measured in metric tons.
Real GDP per capita (y) measured in constant 2010 US dollars. Non-hydroelectric renewable energy consumption per capita (NHRE, nhre) measured in billion kilowatt hours (kWh) concerns renewable electricity consumption from solar, wind, geothermal, biomass and waste, tide and wave. Agricultural value added (AVA, ava) measured in constant 2010 US dollars. Agriculture comprises livestock production, forestry, hunting, fishing, and cultivation of crops. The value added of a sector is its net output after adding up all outputs and subtracting intermediate inputs.
Agricultural land (AGRL, agrl) measured in square kilometers (sq.km). Agricultural land comprises land under temporary crops, temporary meadows for pasture or for mowing, land under market or kitchen gardens, and land temporarily fallow. Land for growing trees for wood is excluded. All data, including population number, are collected from the World Bank (2017) except those on non-hydroelectric renewable energy which are obtained from Energy Information Administration (2017). AVA variable comprises forestry, hunting, fishing, cultivation of crops, and livestock production. We tried to optimize the collection of data in order to obtain the maximum information according to their availability. The data on NHRE, AVA, and AGRL are divided by population number in order to get the per capita unit. All time series are transformed to natural logarithms before starting the empirical study. Eviews 9.0 is used as basic software for all estimates.
Insert Figure 1 and Table 1 Here
The descriptive statistics of the selected time series are presented in Table 1 and Figure 1 . In Table 1 , some descriptive estimates (means, maximum, minimum…) are done to evaluate the trend of per capita CO 2 emissions, real GDP, non-hydroelectric renewable energy consumption, agricultural value added, and agricultural land over the considered period of time. The tendencies of our selected variables have been reported in Figure 1 and indicate that all series have an upward trend and periodic fall over time, except for agricultural land plot which shows downward tendency across time. Some perturbations were documented, over the selected period of time, and a sharp decrease was recorded in 2002 followed by a fast increase in 2008. 
Empirical methodology, econometric results and discussion
The principal aim of the present paper is to examine whether there is competition for agricultural land use between renewable energy production and agricultural production. Additionally, this empirical investigation tries to evaluate the interdependence between per capita CO 2 emissions, real GDP, non-hydroelectric renewable energy consumption, agricultural value added, and agricultural land using the autoregressive distributed lag (ARDL) bound approach to cointegration and Granger causality tests for the case of Argentina. Our empirical methodology follows four steps: i) we test the integration order of each time series by using the Zivot and Andrews (1992) unit root test with structural break;
ii) examine the cointegration relationship between variables by using the test of Wald which is based on the Fisher (F) statistics; iii) we investigate the short and long-run estimates of the dependent variables and we test the stability of the estimated coefficients for each equation; iv)
we inspect the directions of short and long-run causalities between our variables by using the Granger causality method.
Stationary tests
The integration order is measured to check whether variables are integrated of order zero (I(0)) or of order one (I(1)). To do that, the employment of a unit root test with structural break proposed by Zivot and Andrews (1992) is considered in the present investigation. This unit root test seems to be more powerful than other traditional tests, such as the augmented Dickey and Fuller (1979) and the Phillips and Perron (1988) tests, because it gives more information about structural change. Zivot and Andrews (1992) unit root test with structural change suggests 8 three models to check for stationary proprieties. The first model assumes that there is one-time change in the variable at level, while the second model suggests that there is one-time change in the trend coefficient. The third model allows that, in both intercept and deterministic trends, there is one-time change. The Zivot and Andrews unit root test advises that series contain unit root with one-time change for the null hypothesis, while the alternative hypothesis suggests that the series is stationary with one-time change. In this case, stationary tests are done for the case with intercept and deterministic trend.
Insert Table 2 Here
The results from the Zivot and Andrews's unit root test with structural change are reported in Table 2 . This test is examined at level and after first difference for all considered variables. At level, all the variables are non-stationary except for non-hydroelectric renewable energy consumption which is estimated to be stationary at level. After first difference, the t-student estimated statistics mentioned that all variables are integrated of order one, i.e. are I(1).
ARDL cointegration test
The employment of the ARDL bounds approach to cointegration is considered in this study because of its advantages compared to other econometric techniques such as Pesaran and Pesaran (1997) and Pesaran and Smith (1998) . In fact, this method is relatively a recent technique which has been developed by Peasran et al. (2001) and gives further advantages in terms of sample size, integration order (stationary), endogeneity, and estimated coefficients. These advantages can be summarized as follow: i) time series can be stationary at level, or stationary after first difference, or fractionally stationary; ii) the estimate of the short and long-run elasticities can be done with the same specified model;
iii) it provides good results even with a small sample; and iv) it resolves the problem of endogeneity.
The ARDL equations are presented as follows: 
where ∆ , ε , and q denote the first difference operator, the error term, and the number of lags, respectively.
In the first step, the ARDL bound approach proposed by Pesaran et al. (2001) requires fixing the number of lag length for the vector autoregressive (VAR) model which is based on several criteria such as Log likelihood (LogL), Log likelihood ratio (LR), final prediction error (FPE), Akaike information criterion (AIC), Schwarz information criterion (SIC), and Hannan-Quinn information criterion (HQ).
Insert Table 3 Here
Based on the previous statistical criteria, we run the unrestricted VAR model to check for the number of lags, which is practically based on the AIC criterion. The results from these statistics are reported in Table 3 and indicate that most criteria confirm that the number of lags is equal to 2.
Thus, the optimal number of lag length in our investigation is equal to 2.
In the second step, the ARDL equations (1-5) reported above will be estimated by using the Ordinary Least Squares (OLS) method. To check for long-run cointegration among the variables for each equation, the joint significance of the estimated coefficients is tested by using the significance of the Fisher statistics of the Wald test. The null hypothesis of no cointegration is Insert Table 4 Here
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The results from the ARDL cointegration tests are reported in Table 4 . With respect to Eq. (1), the calculated Fisher-statistic (2.5489) seems to be higher than the lower critical value but is too smaller than the upper critical value. Thus, the result is inconclusive and the VECM should be run to check for long-run cointegration between variables through the significance of the ECT corresponding to Eq. (1). For Eq. (2)- (5), the estimated Fisher statistics are higher than the upper critical value at mixed levels indicating the existence of long-run cointegration between variables when GDP, NHRE, AVA, and AGRL is defined as the dependent variable , respectively. For all these equations a maximum number of four lags can be considered. Finally, the diagnostic tests approve that there is no residues autocorrelation, no heteroscedasticity, and residues are well normally distributed.
ARDL estimates
The estimate of the short and long-run elasticitites are done by running the ARDL representation of Eqs.
(1-5) for each considered model. The ARDL estimates are reported in Table 5 which shows that all long-run estimated coefficients are statistically significant at mixed levels except for the CO 2 emissions coefficient when NHRE is the dependent variable (Eq. (3)).
Insert Table 5 Here
When per capita CO 2 emissions is a dependent variable, the lagged ECT corresponding to Eq. (1) is negative, comprised between -1 and 0, and is statistically significant at the 5% level prouving the existence of long-run cointegration between variables. Economic growth increases CO 2 emissions because it needs more fossil energy use. Non-hydroelectric renewable energy consumption has a positive and weak impact on emissions because some of these renewable resources, such us biofuels, are polluting but by far less than fossil fuels. An increase in agricultural 12 production seems to reduce CO 2 emissions. This result might be due to the more renewable energy use and/or more efficient energy use of agriculture in comparison to the other economic sectors in Argentina. This result is similar to that of Rafiq et al. (2016) and that of Ben Jebli and Ben Youssef (2017b), but it is contrary to the finding of Ben Jebli and Ben Youssef (2017a) study on Tunisia. Interestingly, increasing agricultural land use reduces CO 2 emissions. This could be explained by the fact that when more land is used farmers are less incited to increase its productivity by using more polluting inputs such us industrial fertilizers or fossil energy. To the best of our knowledge, this constitutes a new result because no preceding research has evaluated the impact of agricultural land use on pollution.
The results concerning Eq. (2) show that all the independent variables have a positive and beneficial impact of economic growth. Our long-run estimates show that economic growth increases NHRE consumption because GDP increase needs more energy for production and consumption purposes. This finding is similar to that of Sadorsky (2009) . In addition, economic growth increases AVA because it enables to acquire the necessary investments and inputs for agricultural production. Agricultural production and non-hydroelectric renewable energy consumption seem to play substitute roles because increasing AVA reduces NHRE consumption, and increasing NHRE consumption reduces AVA. This result is in accordance with that of Ben Jebli and Ben Youssef (2016) study on Brazil. This substitutability is reinforced by the fact that an increase in agricultural land reduces non-hydroelectric renewable energy consumption. This finding is opposite to that reached by Ben Jebli and Ben
Youssef (2017c) study on Morocco. Interestingly, less agricultural land use increases agricultural production, and an increase in AVA reduces 13 AGRL use. The reason is that less agricultural land use incites to produce more efficiently. This constitutes a new result not addressed by previous literature. Finally, an increase in non-hydroelectric renewable energy consumption reduces the lands used for agriculture purposes because several renewable energy resources, from which is excluded hydroelectric renewable energy, need lands for production. This result is in accordance with that of Al-Mulali et al. (2016) concerned by a panel of 58 countries.
Insert Figures 2-6 Here
The stability of the computed short and long-run coefficients should be examined. To do that, the cumulative sum (CUSUM) and the CUSUM of Squares techniques developed by Brown et al. (1975) are employed. These statistical tests are based on the recursive regression on residuals and incorporate the short-run dynamics to the long-run through residuals. Both of these tests are reported graphically. If the plots representations of these statistics fall inside the critical bounds of 5% significance, we can conclude that the short and long-run elasticity of a given regression are stable. The graphical representations of these estimated statistics are reported in Figures 2-6 . These representations indicate that the computed short and long-run elasticity are well within the critical bounds except for the CUSUM of Squares of recursive residuals for per capita AVA signifying that the estimated coefficients might be instable when per capita AVA is the dependent variable. 
Granger causality tests
The two steps procedure of Engle and Granger (1987) are considered to investigate the directions of the short and long-run causal relationships between per capita CO 2 emissions, real GDP, NHRE consumption, AVA and AGRL. The first step estimates the long-run coefficients and recuperates the residuals, while the second step estimates the parameters concerning the short-run adjustment. The short-run interaction between the considered variables is studied by using the pairwise Granger causality and its significance is measured by the Fisher-statistic. The significance of the long-run interdependence between our variables is assessed by using the t-student statistic. The vector error correction model is given as follows: 
Where ∆ denotes the first difference operator; p designates the VAR lag length; 1 t ECT − indicates the lagged ECT corresponding to each equation; ߬ indicates the speed of adjustment from the short to the long-run equilibrium; t ζ denotes the residual term.
Insert Table 6 Here
The results from the short and long-run Granger causalities interdependencies between our variables are reported in Table 6 . All the error correction terms are statistically significant and are comprised between -1 and 0 implying the existence of long-run bidirectional causalities between all our considered variables.
There is short and long-run bidirectional causality between agricultural land and agricultural production. This can be explained by the remarkable progress of land productivity realized by the agricultural sector in Argentina. Indeed, between 1980 and 2013, per capita agricultural land has decreased from 0.045 to 0.035 square kilometers, while per capita agricultural value added has increased from 515.680 to 673.175 constant 2010 US dollars (see Fig. 1 ). This constitutes a new and an interesting result because the causal relationships between agricultural production and land use have not been evaluated by previous studies.
There is a short-run unidirectional causality running from AGRL to NHRE, and long-run bidirectional causality between these two variables.
This can be explained by the remarkable progress in productivity realized by agricultural lands for biofuels production in Argentina. Indeed, from 16 1980 to 2013, per capita non-hydroelectric renewable energy consumption has increased from 3.56 to 69.4 kWh, while per capita agricultural land has decreased from 0.045 to 0.035 square kilometers (see Fig. 1 ). Our short-run causality finding is similar to that of Ben Jebli and Ben Youssef (2017c) study on Morocco. However, these authors find only a long-run unidirectional causality running from arable land use to renewable energy consumption.
We also have a short-run unidirectional causality running from NHRE to AVA, and long-run bidirectional causality between these two variables which are due to the substitutability existing between agricultural and non-hydroelectric renewable energy productions in Argentina.
These long-run results are in accordance with those of Ben Jebli and Ben Youssef (2016, 2017a). Short-run unidirectional causalities running from agricultural land to economic growth and to CO 2 emissions are found. Finally, there are short-run unidirectional causalities running from non-hydroelectric renewable energy consumption to GDP and to carbon emissions. These last results differ from those reached by Apergis et al. (2010) because these authors prove the existence of short and long-run bidirectional causalities between RE, GDP and CO 2 emissions for a panel of 19 developed and developing countries.
Conclusion and policy implications
The main objective of this study is to examine whether there is competition for agricultural land use between non-hydroelectric renewable energy and agricultural productions in the cased of Argentina. We have excluded hydroelectric renewable energy because it does not need land in consistent amount for energy production. We estimate the long-run elasticity and the causal relationships between per capita CO 2 emissions, economic growth, non-hydroelectric renewable energy consumption, agricultural value added, and agricultural land by using the ARDL bounds approach to cointegration and Granger causality tests. The existence of long-run relationships between variables has been demonstrated for each equation.
We show the existence of long-run bidirectional causalities between all our variables. Lon-run estimates highlight that agricultural production and agricultural land use are beneficial for both economic growth and the environment. There is a short and long-run causality running from NHRE to CO 2 emissions. In addition, our long-run estimates prove that NHRE increases carbon dioxide emissions because some of these renewable resources, such us biofuels, are polluting but by far less than fossil fuels.
There is a short-run unidirectional causality running from NHRE to AVA, and long-run bidirectional causality between these two variables.
Long-run elasticities show that non-hydroelectric renewable energy and agricultural productions are substitutes because an increase in one variable reduces the other one. Moreover, there is a competition for land use between renewable energy and agricultural productions in Argentina. Indeed, there is a short-run causality running from AGRL to NHRE in addition to a long-run bidirectional causality, and increasing agricultural land reduces renewable energy consumption in the long-run, and vice versa.
Interestingly, there is short and long-run bidirectional causality between AGRL and AVA denoting a strong causal relationship. Moreover, reducing agricultural lands increases agricultural production and vice versa, which reflects the remarkable improvements realized by agricultural land yield in Argentina during the last decades. This constitutes a new result not addressed by previous literature.
Our econometric results and the actual state of agriculture in Argentina push us to recommend continuing the encouragement of agriculture because of its positive impact on both economic growth and the environment. The substitutability between agricultural production and nonhydroelectric renewable energy production, and their competition for agricultural land use, should be at least reduced or even stopped by: i) investing in R&D to get new renewable energy technologies more efficient in land use; ii) transforming agricultural and biofuels productions as complementary activities. This might be realized by boosting second-generation biofuels production and discouraging first-generation biofuels production by using appropriate fiscal policies. Let us notice that first-generation biofuels are considered as substitutes to agricultural production because they are derived from sources such as sugarcane and corn starch. Second-generation biofuels are considered complementary to agricultural production because they use non-food-based biomass sources such as municipal and agricultural wastes. Regrettably, this promising alternative still faces technological difficulties; iii) Argentina should encourage R&D in renewable energy and particularly in second-generation (or even in third-generation) biofuels production, and should offer competitive credits for investing in the necessary production capacities.
Several strategies for helping second-generation biofuels, the cellulosic ethanol, to become major biofuels in the world are proposed by Tan et al. (2008) . (y,nhre,ava,agrl) y=f (e,nhre,ava,agrl) nhre=f (e,y,ava,agrl) ava=f (e,y,nhre,agrl) agrl=f (e,y,nhre,ava) 
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